Summary.
The immature part of the testis in the European fire salamander, Salamandra salamandra, consists of cephalo-caudally orientated zones of primary spermatogonia, secondary spermatogonia, primary spermatocytes, secondary spermatocytes and spermatids associated with follicle cells.
Germ cells and follicle cells are arranged in lobules separated from each other by a vascularized connective tissue. Primordial germ cells are dispersed throughout the testicular stroma, preferably near the efferent ductules. They possess a multilobated nucleus, irregularly arranged mitochondria, nuage material, and a few lipid droplets.
Primary spermatogonia are characterized by a more spherical nucleus, a coronal distribution of cell organelles-mainly mitochondria-small amounts of smooth endoplasmic reticulum, and lipid droplets. Secondary spermatogonia exhibit an irregular distribution of cell organelles with increased amounts of vesicular profiles of smooth endoplasmic reticulum ; they are highly interdigitated and connected by intercellular bridges.
In this stage degenerative processes may take place. Primary spermatocytes are provided with basal bodies and peripheral microtubules. Secondary spermatocytes and spermatids will be described elsewhere.
Follicle cells and their projections surround each germinal cyst. Their nucleated parts are commonly localized in the central part of the lobule. Follicle cells and lobule boundary cells are very similar to fibrocytes.
Already in the primary spermatocyte zone, both cell types show ultrastructural features indicating a setting in glandular activity.
In the course of our studies on the male gonad of the European fire salamander, Salamandra salamandra, we have already reported on the ultrastructure of the mature spermatozoan zone (BERGMANN et al., 1982c) , some details of the testis wall (BERGMANN et al., 1982a, b) and observations on the blood-testis barrier (BERGMANN et al., 1983) . In continuation of these investigations, the study reported here gives an ultrastructural analysis of the immature part of the testis, the part in which spermatogenesis takes place. Secondary spermatocytes and spermatids, however, will be examined in connection with the spermiohistogenesis of S. salamandra (ScHINDELMEISER et al., in preparation).
MATERIALS AND METHODS
Males of S. salamandra were sacrificed in February and the testes processed for lightand electron microscopy as described in our previous papers (BERGMANN et al., 1982a, b, c) .
RESULTS
The salamanders examined were about to enter their fourth year of extrauterine life, as indicated by their one-lobed testes (JoLY, 1971) . In each lobe, an immature part comprised of successive zones with spermatogonia, spermatocytes and spermatids, a mature part with spermatozoa, as well as a most caudal zone of glandular tissue can be identified. The immature part comprises the upper portion of the lobe and is separated from the zone of mature spermatozoa by a small septum of connective tissue. Lobules (for terminology see LOFTS, 1974) of the most caudal zone of the immature part contain roundish spermatids.
The testicular wall consists of a monolayered, very flat epithelium and underlying collagenous fibers, blood vessels, fibrocytes which contain increasing amounts of myofilaments up to the region of mature spermatozoa (BERGMANN et al., 1982a) , and collecting ducts.
Primordial germ cells
In the testes examined, the number of primordial germ cells (PGCs) was very low. They can be found in the zone of spermatogonia ( Fig. la) and spermatocytes, often attached to the efferent ductules. Measuring about 20 x 35 pm, they are the largest germ cells in this part of the gonad and are surrounded by a continuous layer of somatic follicle cells (Fig. la, b) . Mitochondria with tubules and lamellae, coarsely granular dense material associated with mitochondria ( Fig. lc; "nuage" material, see ANDRE and ROUILLER, 1956 ), a few cisternae of the smooth endoplasmic reticulum, some dilated vesicles and polysomes are dispersed throughout the cytoplasm; lipid droplets are of rare occurrence.
Near the nucleus we could observe a complex of vesicles filled with an electron dense material (Fig. id) . The cell membranes of PGCs are partly interdigitated with adjacent follicle cells. Intercellular junctions, however, could not be detected.
Primary spermatogonia Similar to the PGCs, primary spermatogonia occur singly. They are to be found in the most cranial region of the immature testis, preferably at the periphery and less often centrally, being somewhat smaller than the PGCs (Fig. 2a) . The nucleus now is approximately spherical, exhibiting prominent nucleoli and more or less homogeneously distributed patches of heterochromatin (Fig. 2b) . The most characteristic feature is a considerably electron-lucent cytoplasm with a coronal arrangement of cell organelles, especially mitochondria, located about half the distance between the cell membrane and the nuclear envelope (Fig. 2a, b) . The mitochondria often contain tubules arranged in a lamellar whirled fashion and exhibit polymorphic inclusions; nuage material associated with mitochondria can also be seen (Fig. 2c) . Vesicular profiles of smooth endoplasmic reticulum, some polysomes as well as lipid droplets are irregularly dispersed throughout the cytoplasm.
Primary spermatogonia also are completely surrounded by follicle cells; the cell membranes of both cell types are slightly interdigitated (Fig. 2d ). Cellular junctions between the follicle cells and spermatogonia could not be detected.
Secondary spermatogonia
Secondary spermatogonia are derived from primary ones by mitotic division. They form synchronously developing groups surrounded by follicle cells (=germinal cysts; Fig. 3a, b) . Secondary spermatogonia are smaller in size than primary ones, and have a large oval or round nucleus containing prominent nucleoli and irregular patches of heterochromatin (Fig. 3a, b) . The coronal distribution of cell organelles is no longer distinct (Fig. 3b) . Mitochondria with saccule-like cristae or tubules (Fig. 3d, inset) , dictyosomes, nuage material, vesicular profiles of smooth endoplasmic reticulum, lipid droplets and polysomes can be observed within the cytoplasm (Fig. 3d) . Secondary spermatogonia are connected by intercellular bridges covered by a somewhat electrondense material (Fig. 3f) . In addition, adjacent spermatogonia are interdigitated by highly tortuous cell membranes (Fig. 3c) . Intercellular junctions could not be identified between the adjacent spermatogonia nor between the follicle cells and spermatogonia. The interdigitations are lacking only when two or more spermatogonia border a follicle cells. In lobules immediately adjacent to the zone of primary spermatocytes, some secondary spermatogonia appear to become degraded ( Fig. 3e) : some micrographs give indications of a phagocytic activity among neighboring follicle cells.
Primary spermatocytes
The primary spermatocytes are larger than the secondary spermatogonia; their round, euchromatic nuclei are provided with one or more nucleoli (Fig. 4a, b) . The cytoplasm contains an increased number of dictyosomes, small vesicles derived (perhaps) from the smooth endoplasmic reticulum as well as its cisternae (Fig. 4c) . Typically, a basal body (Fig. 4d ) and peripherally located microtubules (Fig. 4e) are present. Furthermore, lipid droplets, tubular mitochondria, nuage material and polysomes occur. Intercellular bridges may still be present.
The degree of interdigitations between adjacent cells is reduced compared to that between the secondary spermatogonia.
The zone of primary spermatocytes is separated from that of secondary spermatocytes by a narrow septum of connective tissue (Fig. 4a ).
Follicle cells
As the amount of germ cells increases, the ratio between their number and that of the follicle cells decreases cephalo-caudally.
In the most cephal zone of primary spermatogonia, each germ cell is completely surrounded by follicle cells (Fig. 2a, 5a) . The interspaces between these units are filled with additional follicle cells and small smounts of connective tissue (Fig. 5a ). In the zone of secondary spermatogonia, the follicle cells take a different arrangement within a lobule. One part of the follicle cells is found at the periphery, with their nuclei near the lobule boundary wall between the germinal cysts. The majority of follicle cells, however, have their nucleated parts orientated towards the central region of the lobule (Fig. 5b) . At least in this part, follicle cells do not appear to be arranged in a strict monolayer around the germinal cysts; in any case, they ensheathe the germinal cysts completely, even if their projections are hardly visible in the light-microscope (Fig. 5b) . Follicle cells in both zones, i.e., the primary as well as the secondary spermatogonia, are elongated and joined together by desmosomes (Fig. 5c ). They have a fibrocyte-like appearance, and are provided with a flattened indentated nucleus, a few mitochondria, small amounts of granular endoplasmic reticulum, small dictyosomes and polysomes (Fig. 5c) . A few lipid droplets are present in those follicle cells surrounding the secondary spermatogonia and later stages of sperm development.
Follicle cells at the periphery of lobules which contain primary spermatocytes, have in addition a slightly increased number of tubular mitochondria and possess a greater number of lipid droplets and glycogen (Fig. 5d) .
The lumen of the lobule does not only develop through separation of the centrally located innermost follicle cells (Fig. 5e) , but also by their degeneration, whereas those follicle cells closely attached to germinal cells remain intact. The cells which form the wall of efferent ductules outside the lobules resemble those follicle cells which surround the secondary spermatogonia.
However, they are arranged in densely packed layers representing a more or less compact cord. Desmosomes can be regularly observed between all follicle cells (Fig. 5c, e) ; dictyosomes seem to be absent or at least very rare.
Lobule boundary cells
In the most cephal part of the immature testis, relatively broad septa of connective tissues, which arise from the testis wall, occasionally extend between the germ and follicle cells (cf. Fig. 5a ). In the zone of secondary spermatogonia and primary spermatocytes, most of the septa are so miniscule as to be no longer visible at the light microscope level. Only a few septa containing blood vessels, nerves and efferent ductules are at all prominent (Fig. 6a) . Small septa built up by fibrocytes (=lobule boundary cells) and collagen surround several germinal cysts forming a lobule (Fig. 5b) . In all regions of the immature part, most of the lobule boundary cells show fibrocytec features, i.e. an elongated shape with a heterochromatic nucleus (Fig. 6b) , small amounts of granular endoplasmic reticulum, rod-shaped mitochondria with lamellated cristae and lipid droplets (Fig. 6c) . In the zone of spermatocytes, lobule boundary cells exhibit a greater number of dictyosomes, vesicular profiles of the smooth endoplasmic reticulum and sometimes membranous whorls with ribosomes (Fig. 6d, e) . In this zone, already some of the fibrocytes near the testis wall contain myofilaments ( Fig. 6e; see BERGMANN et al., 1982a) . DISCUSSION 
Spermatogenesis
in Urodela has been extensively investigated at the light microscope level (e.g. CHAMPY, 1913; HUMPHREY, 1922; BEccARI, 1929; JoLY, 1971; Rouy,1972 ; for further readings see LOFTS, 1974) , but only a few ultrastructural studies are available; they are limited, however, to special aspects of the germ cells (e.g. RoUY, 1974; HAMASIMA and KOTANI, 1977; IKENISHI and NIEUWKOOP, 1978; TANAKA et al., 1980) or later stages of sperm development (e.g. BAKER, 1966; PICHERAL, 1971 PICHERAL, , 1972 .
Tissue components of the amphibian testis are of different origin; the peritoneal epithelium covering the adult testis is derived from the embryonic coelomic epithelium. The underlying connective tissue, which also extends between the lobules, takes rise from the undifferentiated mesenchymal tissue filling out the primary gonad cavity. The medullary cells which develop from the mesonephric blastema differentiate into follicle cells enveloping the primordial germ cells (PGCs). PGCs derived from the lateral plate mesoderm migrate to the gonadal cortex (for review see LOFTS, 1974) ; they can be demonstrated in embryonic stages and are even then surrounded by the precursors of follicle cells (e.g. CHAMPY, 1913; WITSCHI, 1914; AL-MUKHTAR and WEBB, 1971; REED and STANLEY, 1972; KALT, 1973; LOFTS, 1974; and others) . Also in the adult testis of Urodela are they scattered throughout the testicular stroma (LOFTS, 1974) or lying in the area of main collecting ducts giving rise to a new generation of spermatozoa (HUMPHREY, 1921) , whereas others remain undifferentiated.
As in other Urodela, the immature part of the adult testis in S. salamandra contains stages of spermatogenesis in a cephalo-caudal orientation; primordial germ cells (reserve germ cells according to JoLY, 1971, and RoUY,1974) , however, may be found in small quantities in all zones, and more often in the regressive glandular tissue (JoLY, 1971; BERGMANN et al., in preparation;  for Diemyctilus viridescens see also: HARGITT, 1924; OBRESHKOVE, 1924;  for Triturus (=Cynops) pyrrhogaster: UCHIDA and HANAOKA, 1949). Here they may give rise to additional lobes, which occur in older animals (JoLY, 1971; LOFTS, 1974) . HANAOKA and TAKAHASHI (1967) , TAKAHASHI and HANAOKA (1969) and recently TANAKA et al. (1980) have presented results in favor of the hypothesis (see also UCHIDA and HANAOKA, 1949 ) that some of the PGCs develop from the columnar cells of the peritoneal epithelium which covers the surface of the cord connecting the lobes of multilobar testes, whereas RoUY (1974) assumes that all PGCs have migrated from the lateral plate mesoderm to the testicular anlage.
Identification of PGCs in adult S. salamandra appears to be somewhat arbitrary for reasons of their size and their highly lobated nucleus, very similar to those of PGCs in other embryonic and adult Amphibia (CAMBAR et al., 1970; DELBOS et al., 1971; REED and STANLEY, 1972; KALT, 1973; RoUY,1974 , and others); we interpret the here-discussed cells as such.
Other features, such as the electron-dense vesicular complex near the nucleus, have been described for the primary spermatogonia of Triturus helveticus (SENTEIN and TEMPLE, 1971 . PGCs found in the S. salamandra-testis may represent intermediate stages.
Nuage material (=germinal plasm) both inside and outside the nucleus (and then often closely attached to mitochondria) has been found in primordial and spermatogenetic cells of Urodela (Cynops pyrrhogaster : HAMASIMA and KOTANI, 1977; TANAKA et al., 1980; Ambystoma mexicanum: IKENISHI and NIEUWKOOP, 1978; Pleurodeles waltlii: PICHERAL, 1972) and Anura (Xenopus laevis: AL-MUKHTAR and WEBB, 1971; REED and STANLEY, 1972; KALT, 1973; KERR and DIxoN, 1974; IKENISHI and KOTANI, 1975; Rana temporaria and R. esculenta: CLEROT, 1968) . Nucleus-like bodies (an analogue to the chromatoid body?) in the cytoplasm (AL-MUKHTAR and WEBB, 1971; KALT, 1973; TANAKA et al., 1980) and a fibrillar nuclear region proper to germ stem cells in some Amphibia (KALT, 1973) could not be unequivocally identified.
Primary spermatogonia in S. salamandra show some structural features such as mitochondria with densely layered or whirled tubules and a coronal distribution of cell organelles unknown in other Amphibia.
Spermatogonia with a bilobate nucleus (perhaps a transitional structure between the multilobated nucleus of the PGCs and the more or less ovoid nucleus of spermatogonia) and most of the mitochondria accumulated near its indentation as found in Cynops pyrrhogaster (TANAKA et al., 1980) do not seem to occur in S. salamandra. Intercellular bridges between secondary spermatogonia-also seen sporadically between primary spermatocytes-are considered to play a role in synchronizing development within a germinal cyst and to allow the exchange of organelles (BURGOS and FAWCETT, 1955) . In the secondary spermatogonia, the presense of more vesicular profiles of the smooth endoplasmic reticulum may be likened to similar vesicles in Xenopus laevis (KALT, 1973) . Intense interdigitations of adjacent secondary spermatogonia seem to be characteristic for amphibian germ cells in this stage (see REEd and STANLEY, 1972) . Signs of degeneration in those secondary spermatogonia near the lobules with primary spermatocytes could be normal, because germ cells in this stage are believed to be somewhat labile. This lability may lead to a complete lysis of germ cells within a given cyst; a phagocytic capacity of the follicle cells seems probable (for Triturus vulgaris see KLEINSCHMIDT, 1934) .
Primary spermatocytes are characterized by the presence of a basal body as the first indication of beginning spermiohistogenesis (KALT,1973; SCHINDELMEISER et al., in preparation) .
A synaptonemal complex could not be observed during this investigation. Flattened vesicles, found to be characteristic for primary spermatocytes of Discoglossus pictus (SANDOZ, 1970) or Xenopus laevis (REED and STANLEY, 1972) did not occur earlier than in the secondary spermatocytes of S. salamandra (SCHINDELMEISER et al., in preparation) .
These structures are considered to represent a special form of smooth endoplasmic reticulum or modified saccules of dictyosomes.
A convincing explanation of their origin, formation and significance is still missing.
Follicle cells in the amphibian testis are believed to be homologous to the Sertoli cells in the mammalian testis (see LOFTS, 1974) . In S. salamandra their differentiation as well as the formation of the efferent ductules by follicle cells not associated with germ cells (SCHINDELMEISER et al., 1982) can already be observed in the immature part of the testis. Follicle cells surrounding primary spermatocytes demonstrate features indicating their future activity.
There is evidence, however, that glandular activity does not set in earlier than during the stages of spermiohistogenesis (LoFTs,1974) . The above is similar to lobule boundary cells, which begin to transform into steroid hormone secreting cells and ensheathe groups of germinal cysts with primary spermatocytes; they accumulate lipid droplets and sometimes are provided with membranous whorls including ribosomes which are suggestive of an active part in synthesizing smooth endoplasmic reticulum (KING et al., 1974) . Weak activity of 3B-hydroxysteroid dehydrogenase which can histochemically be demonstrated only in the mature part is more intense in the lobule boundary cells after spermiation and in the glandular tissue (e.g. Cynops pyrrhogaster: IMAI and TANAKA, 1978; S. salamandra: JOLY, 1971 ; Triturus carnif ex carnif ex: VELLANO, 1969) .
Follicle cells or Sertoli cells in the testis of vertebrates are thought to play an important role in forming a blood-testis barrier (for review see MARCAILLOU and SZOLLOSI, 1980 ). In the stages described here, it was not possible to demonstrate junctions other than the desmosomes between follicle cells, a fact which we were able to confirm by employing lanthanum in a tracer study. An effective barrier f omed by tight junctions between follicle cells (=Sertoli cells) does not form until the very late stages of spermiohistogenesis (for details see BERGMANN et al., 1983) .
